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This study investigates Mio-Pliocene mass-transport deposits (MTDs) in an 
understudied, hydrocarbon-rich region of the northeastern Gulf of Mexico. The research 
utilizes a high-quality 3D seismic dataset with an area of 635 km2, along with wireline 
logs and biostratigraphic data. With the help of quantitative seismic geomorphology 
techniques, detailed mapping of MTDs suggests a complex erosional and depositional 
history. 
Deposition of a MTD unit resulted in a 180 m topographic high that substantially 
influenced the distribution and morphology of subsequent MTDs, specifically the 
bifurcation of later mass-transport flows. This bifurcation contributed to the generation 
of a non-shielded erosional remnant with an area of 65 km2. Depositional elements of 
the remnant strata are interpreted to be sediment waves. Instantaneous frequency 
attribute maps of the erosional remnant suggest a different lithology than the 
surrounding muddy MTDs; and, thus, the remnant unit is interpreted to be sandy. For the 
first time in literature, this research documented intra-MTD channel and lobe features. 
The development of a sinuous channel system encased within MTD gives new insights 
into mass-transport processes. This provides evidence for considering MTD as 
amalgamation deposits of multiple and different-type of flow events (e.g., turbidity 
currents and debris flows), rather than a singular event-deposit. 
viii
The channel, lobe, and erosional remnant features examined in this research 
demonstrate reservoir-prone facies encased within MTD units, forming stratigraphic 
traps directly associated with mass-transport phenomena. This research contributes to 
the understanding of seal vs. reservoir rock development and distribution in the study 
area, as well as presents new developments into mass-transport deposit flow processes 
and their resulting morphologies. 
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1.  Introduction 
 
The Gulf of Mexico is well known for hydrocarbon exploration in deep-water 
depositional systems. Prolific exploration efforts have led to an abundance of 
widespread, high-resolution seismic datasets that cover large percentages of the shelf, 
slope, and basin floor. Researchers have exploited this data to study complex 
sedimentological features in unprecedented detail (Posamentier and Kolla 2003; 
Posamentier and Walker 2006). One such feature, Mass-transport deposits (MTDs), are 
of particular interest to researchers because of their prevalence in the sedimentary 
record, contributing up to 70% of slope and basin stratigraphy in some regions (Maslin 
et al. 2004; Newton et al. 2004; Moscardelli et al. 2006). 
MTDs are large, submarine, non-Newtonian sediment gravity flows generated by 
slide, slump, and debris flow processes (Shanamugam 2000; Gani 2004; Shanamugam 
2010; Posamentier and Martinsen 2011; Shipp et al. 2011).  MTD events liberate 
substantial amounts of sediment, generating powerful flow events with large spatial 
extents. Documented mass-failures can have volumes and areas of up to 80,000 km3, and 
120,000 km2, respectively (Moscardelli and Wood 2008). In addition to being prominent 
depositional features in basins globally, MTDs pose substantial dangers as geohazards, 
and can serve as seal and reservoir units in hydrocarbon prospects (Haq 1993; 
Kvenvolden 1993; Haq 1995; Maslin 1998; Hearne 2003; Hoffman et al. 2004; Maslin 
2004; Pirmez et al. 2004; Shipp et al. 2004; Meckel 2011). Due to the environmental and 
economic implications of MTDs, there has been a large degree of research focusing on 
their recognition, morphology, and general formative processes. Recent studies, 
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however, put emphasis on understanding mass-transport phenomena at the bed scale. By 
utilizing outcrop data and detailed analysis, researchers are applying their findings to 
sub-seismic structural and depositional features, substrate block inclusion, and reservoir 
characterization (Kneller et al. 2016; Sobiesiak et al. 2016; Alsop et al. 2017; Sobiesiak 
et al. 2017; Sola et al. 2017). 
Despite a wealth of seismic-based research on MTD formation and morphology, 
there are still pressing questions about the intricacies within mass-transport event 
deposits at the seismic scale. Although mass-transport phenomena are known to be a 
complex mixture of multiple types of slide, slump, and debris flow processes, they are 
commonly referred to and studied as singular flows, rather than an amalgamation of 
multiple events separated by distinct hiatuses. As a result, the intermingling nature of 
MTDs and other typical deep-water deposits remains poorly understood. Additionally, 
despite many successful hydrocarbon fields producing out of MTD intervals (e.g., 
Meckel 2010), few studies have aimed to describe potential new play types formed by 
mass-transport processes and emplacement; rather they focus on the prospective 
reservoir and sealing capabilities of the deposits themselves (Moscardelli et al. 2006; 
Meckel 2011; Alves et al. 2014; Kneller et al. 2016). 
The goal of this study is to provide new evidence that will increase 
understanding of mass-transport processes, seal vs. reservoir rock distribution in relation 
to MTDs, and outline potential hydrocarbon exploration play types associated with 
mass-movement phenomena. This body of research uncovered three Upper Miocene to 
Upper Pliocene (~5.5-3.13 Ma) mass-transport deposits in an understudied region of the 
northern Gulf of Mexico. Using 3D seismic data integrated with biostratigraphic data 
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and wireline logs, regional MTDs were analyzed in detail, with specific emphasis on 
near sub-seismic features. This study represents the first documentation of seismically 
resolvable intra-MTD channel forms, providing compelling evidence for considering 
mass-movement phenomena as the amalgamation of punctuated depositional events, 
rather than singular cohesive units. Detailed seismic mapping presented in this study 
uncovers complex interactions between multiple mass-transport events, contributing to a 
better understanding of their flow processes, seal vs. reservoir rock distribution, and the 
generation of unshielded sandy erosional remnants, which is a prospective new play type 

















2. Geologic Setting 
 
 The creation of the Gulf of Mexico (GOM) (Fig. 1) began during the late 
Triassic rifting of the supercontinent Pangea. Extensional forces continued into the 
middle Jurassic, where the Yucatan block moved southward, away from the North 
American plate. This separation created an isolated, proto-oceanic basin, the slow initial 
flooding of which resulted in the deposition of up to 4 km thick the Louann Salt 
(Salvador 1987; Galloway 2008; Stern and Dickinson 2010). By the late Jurassic, the 
GOM had evolved fully into an oceanic basin and deposition of primarily siliciclastic 
and subordinate carbonate rocks began, which has continued into the Holocene. 
Sediment loading due to the deposition of approximately 15 km thick strata mobilized 
the Louann Salt, forming salt tectonic dominated geologic provinces across much of the 
basin. 
The specific region of the GOM investigated in this research (Fig. 1) was 
sediment-starved for the majority of the Cenozoic. However, in the middle Miocene 
(~15 Ma), renewed uplift of the Appalachians and Cumberland Plateau rejuvenated 
sediment influx, regionally depositing sand-rich sediments (Galloway 2008; Galloway et 
al. 2011). Sediment supply from the paleo Mississippi and Tennessee fluvial-axes 
remained high in the late Miocene, forming a fluvially dominated delta. This deltaic 
system prograded basin-ward during the early Pliocene (~ 4 Ma), and shelf-edge systems 
stayed relatively stable afterward (Galloway et al. 2000). Several late Neogene 
depositional episodes were dominated by high-amplitude and high frequency 
glacioeustatic cycles that triggered frequent and rapid forced regressions, allowing for 
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substantial volumes of sediment to be transported and deposited to the study area 
(Galloway 2008; Galloway et al. 2011). 
 
 
Figure 1. Bathymetric map of the Gulf of Mexico (Kramer and Shedd, 2017). General 















3.1. Seismic Interpretation 
 
The primary dataset used in this study is 635 km2 of high-resolution 3D seismic 
data acquired between 2001 and 2003 (Fig. 2). The survey has an approximate inline and 
crossline spacing of 12.5 m, and a sampling rate of 2 ms. The full-stack volume is 
processed to be zero-phase and utilizes American polarity, meaning that a peak reflector 
represents an increase in acoustic impedance. The time-migrated data have a maximum 
imaging depth of 10,000 ms of two-way time, although geobodies of interest range in 
depth from approximately 1,500 to 3,000 ms. Interval velocities for the MTD succession 
are estimated to be between 1,500 and 2,000 ms-1 and a survey spectrum determined the 
dominant frequency of the volume as 17 Hz. Therefore, the vertical resolution and 
detection limit are calculated as 28 m and 7 m, respectively. Using IHS Markit’s 
Kingdom Software, the 3D survey was interpreted using a wide range of seismic 
geomorphology techniques including horizon mapping, horizon flattening, time slices, 
and attribute extraction.  
Throughout the entirety of the volume, and using seed points for autopicking 
algorithms, stratigraphic surfaces were traced, depending on the complexity of the 
surface, at 5 to 10 line intervals. Autopicking tools were run through multiple iterations 
to interpolate between manual picks, and smoothing operations were utilized to 
eliminate data artifacts. Horizons were inspected for errors, and adjustments were made 
manually in regions where autopicking was determined to be inaccurate. Resulting 
stratal slices serve as the primary basis for geologic interpretations and depositional 
models. To reveal subtle depositional architectures and aid in lithology determinations, 
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time slices along with instantaneous, geometric, and amplitude-accentuating attributes 
(e.g., instantaneous frequency, similarity, and RMS amplitude) were extracted and 




Figure 2. Outline of seismic dataset showing wells and salt features. Well 1, shown 






3.2. Channel Morphology 
 
 Morphological measurements for MTD features, such as erosional scours, were 
taken using distance tools in IHS Markit’s Kingdom software and were utilized as 
kinematic indicators for flow direction and magnitude. Horizon maps for MTD bases 
and tops were converted from time to depth units using velocity relationships established 
by well ties. These maps were used to generate isopach maps for individual flow 
deposit, which were then used to estimate spatial extents. Since regional MTDs extend 
beyond the coverage of the 3D seismic volume (which is typical), estimation equations 
outlined by Moscardelli and Wood (2016) were used to calculate potential length (La), 
area (Aa), thickness (Ta), and volume (Va) values (equations 1, 2, 3).  
 
 (Eq. 1)   La=2.6421Aa0.4253 
(Eq. 2)  Va=0.0275Aa1.1127 
      (Eq. 3)   Va=0.0295Ta1.7465             
 
Quantitative channel morphology measurements, such as meander belt width, 
meander length, channel width, and meander bend radius, were taken to determine 
sinuosity, shape, and sediment type of channels sandwiched within MTDs (Wood 2007; 





Figure 3. Measured and calculated channel-properties modified from Carter et al. 
(2016). (A) Image of a sinuous submarine channel in the study area showing the 
definitions of measurements taken to determine channel morphology. (B) Explanation of 
channel-form measurement abbreviations. (C) Equation that is used to calculate channel 
sinuosity. 
 
3.3. Lithology Determinations 
 
Wireline logs from multiple exploration wells were tied to the seismic volume to 
ground-truth lithological and other interpretations. Due to good well control, lithology 
determinations were possible with a high degree of confidence using gamma, resistivity, 
and density logs. In regions where well coverage is lacking, seismic attributes, such as 







Last appearance datums for planktonic foraminifera, benthic foraminifera, and 
calcareous nannoplankton biomarkers were compiled from the Bureau of Ocean Energy 
Management (BOEM) and Paleo-Data Incorporated for wells drilled within the study 
area. This ensured a reliable chronostratigraphic framework for the study area that was 





















 The 3D seismic volume utilized for this study images part of the 
continental slope (~2.2° angle) in the northern Gulf of Mexico. Mass-transport processes 
dominate the study interval. Both large and small-scale MTDs are observed, where 
larger deposits extend beyond the bounds of the dataset. Although deeper MTDs were 
identified, these deposits were difficult to map with sufficient details as resolution 
decreases with depth. Thus, for the scope of this study, the three shallower MTDs that 
have the greatest seismic resolution, referred here as MTD 1 through MTD 3, were 
primarily investigated (Fig. 4).  
 
 
Figure 4. Seismic dip-section showing succession of three MTDs that are 





Geologic age of these MTDs were identified using biostratigraphic last appearance 
datums from wells tied to the seismic dataset, indicating late Miocene ~5.5 Ma (MTD 3) 
to late Pliocene ~3.13 Ma (MTD 1) stratigraphic age. 
 
4.1. MTD Morphology 
 
MTD morphologies are consistent with those noted in the literature, appearing as 
semi-transparent chaotic reflections with unconformable basal and top surfaces. 
Observed kinematic indicators include ramp-and-flat features on basal shear surfaces, 
out-runner blocks, slump folds, and secondary flow fabrics. Therefore, these MTDs are 
interpreted to be from the translational morpho-domain. As MTDs extend beyond the 
the seismic survey, geometric measurements, such as thickness and area, were entered 
into predictive equations (Moscardelli and Wood 2016) to estimate their full spatial 
extent, indicating that MTDs have areas and volumes upwards of 2,000 km2 and 120 
km3, respectively.  
Although the study area has prominent salt features (Fig. 2), their influence on MTD 
events was likely restricted to flow pathways and confinements. In the northern section 
of the dataset, MTDs are thinner and more sheet-like, suggesting unconfined flows. 
Whereas in the southern section, these deposits amalgamate, and are intermixed with 
smaller MTDs initiated by salt mobilization. Based on uniform thicknesses and 
structural tilting of MTDs, the influence of halokinesis on larger mass-movement events 
is considered negligible. MTD morphologies in the southern region are heavily 
deformed by salt movement, and, therefore, primary depositional parameters are hard to 
delineate without structural reconstructions. 
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4.2. Location of Flow Origin and Lithology Determiniation 
 
 Publicly available 2D seismic datasets were utilized to extend the mapped 
MTDs in the up-dip portions of the continental slope onto the shelf edge. The quality of 
the 2D data is too poor to make kinematic interpretations, and, therefore, these data were 
used only to decipher the initiation area of the failures. Each of the three MTDs have a 
direct link with the continental shelf-edge, suggesting that these deposits can be 
classified as shelf-attached, where triggering mechanisms are inferred to be high-
sedimentation rates or base-level fluctuations. High gamma log values from wells that 
penetrated MTDs indicate an overall muddy lithology, although the youngest MTD 
(MTD 1) appears to have a coarser lithology than other MTDs (Fig. 4). This coarser 
lithology of MTD 1 is likely the result of early Pliocene glacioeustatic cycles, which 




Two of the MTDs investigated in this study show evidence of prominent 
megascours that give insight into flow processes, transport direction, and flow 
magnitude. MTD 1 has three substantial mega-scours associated with its basal surface 
(Fig. 5). The most extensive erosion is associated with the flow axis, or region with the 
greatest thickness, which generated a central megascour that is partially imaged in the 
northern region of the 3D seismic volume (Fig. 5C). This megascour is ~110 m deep, 
and up to 11 km wide. This erosional event continues downslope for ~6 km before it 
ramps into a shallower scour that bifurcates into two subsidiary scours downslope (Fig 
5B, E). The western bifurcation has a dogleg-like geometry that extends 6 km to the 
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west and has a relief of 39 m. The eastern bifurcation extends down-dip in a linear 
fashion and progressively widens from ~1.8 km at the bifurcation site to 4.3 km 
downslope (Fig. 5). This scour has a length of 21 km, and a relief of 36 m, but it appears 
to extend outside of the dataset. Based on the disparity of erosion depth between the 
axial scour and the bifurcated scours, the incisional surfaces are interpreted as the result 
of two distinct mass-transport events. The dogleg and linear scours fall within the same 
stratigraphic interval and feature similar incision reliefs, and, thus, are interpreted to 
have occurred simultaneously. The area of bifurcation for the shallower scours shows no 
obvious confinement mechanisms, suggesting that the cause of bifurcation was likely 
varying flow conditions. The deeper, central megascour truncates these features in the 
up-dip section (Fig. 5C) and is postulated to be a younger, more powerful event.  
The basal surface of MTD 2 shows a prominent megascour (Fig. 6) that, 
although smaller in scale, occupies a similar location on the slope as the eastern 
megascour associated with MTD 1 (Fig. 5). MTD 2 megascour has a width of 1 km and 
a depth of 30 m. It extends down-dip for ~7 km, at which point the incision depth 
increases to 40 m (Fig. 6). The scour continues for another 2.5 km before terminating 
abruptly. The down-dip increase of incision is thought to be the result of steepening 
slope gradient, although the unknown timing and influence of a nearby salt feature adds 









Figure 5. Attribute maps and seismic sections of the basal megascour associated 
with MTD 1. (A) Dip of maximum similarity attribute map showing spatial extent of 
the megascour, D-D’ indicates location of the seismic line in Fig. 5D. (B) Dip of 
maximum similarity attribute map detailing the bifurcation and geometries of dog leg 
and linear megascours. Z-Z’ indicates location of seismic line in Fig. 5E. (C) Dip of 
maximum similarity attribute map highlighting the axial megascour. (D) Seismic section 
highlighting erosional surface stepping downward towards depositional dip. (E) 









Figure 6. Attribute map and seismic section of the basal megascour associated with 
MTD 2. (A) Dip of maximum similarity attribute map showing the linear megascour. Z-







Mapping of MTD 3 indicates that its lenticular geometry likely resulted, 
immediately after its deposition, in the generation of a topographic relief of ~180 m 
(Fig. 7). The draping deposits that overlie MTD 3 failed to heal the majority of the relief 
associated with MTD 3. This depositional remnant-topography likely influenced flow 
paths of subsequent MTDs, which preferentially followed the flanks of MTD 3, 
increasing the confinement, and thus, erosive power of these younger mass-transport 
events (Fig. 7). 
 
 
Figure 7. Seismic section showing distribution of basal megascours from MTD 1 
and MTD 2. The lenticular geometry of MTD 3 likely influenced the locations of 






4.4. Intra-MTD Channels 
 
Analysis of the basal surface of MTD 1 highlights large-scale megascours, which 
altered the geometry of the substrate. Detailed mapping and flattened time slices 
immediately above the megascour revealed a sinuous channel, which appears to be 
confined within the eastern megascour (Fig. 8). The development of sinuous channel 
(Fig. 8C) suggests a period of quiescence for mass-transport processes, during which 
confined turbidity-current processes established a well-developed submarine channel 
system on the megascour floor (Fig. 8A). From the tip of the axial megascour, the 
channel extends down-dip for 21 km before it exits data coverage at the southern bounds 
of the 3D volume (Fig. 8C). Quantitative seismic geomorphology measurements taken 
from 11 locations along the channel demonstrate that the channel’s width varies from 
~100 to ~300 m, and its mean depth is 19 m. The stream length (Ls) to valley length 
(Lv) ratio yielded a mean sinuosity of 1.3, indicating a sinuous channel with a mixed 
sediment load. The mean meander wavelength for the system is 798 m, which can be 
regarded as the “container” width of the channel system. Due to this measurement being 
amplitude based (dependent on lithologic changes) and the channel itself being near sub-
seismic in scale, the size of container must be considered a minimum estimate. The 
presence of this channel indicates that a down-dip fan feature can develop in a more 










Figure 8. Intra-MTD channel system. (A) Cross-sectional seismic line (location 
marked in Fig. 8B as A-A’) showing intra-MTD channel. (B) Amplitude time slice 
(position marked in Fig. 8A) showing a sinuous channel system incised into the basal 
linear-megascour of MTD 1. (C) Similarity attribute map, revealing the sinuous nature 






Another intra-MTD channel, with its associated lobate feature, was observed in 
the lower part of MTD 3 (Fig 9). The channel flows down-dip from the top of the dataset 
for approximately 6 km before it splays out to form a lobate feature with an area of 18 
km2 and a thickness of ~49 m. In contrast to the other intra-MTD channel, this channel 
has a straight trajectory. The Ls/Lv ratio of this channel was calculated to be 
approximately 1, indicating low sinuosity and a bed-load sediment type. As there is no 
clearly observable meander wavelength, the minimum width of the channel’s fairway is 
assumed similar to the channel width (~450 m). The frontal splay developed at the end 
of the channel displays a series of parallel ridges oriented perpendicular to the paleoflow 
direction (Figs. 9A and D). These features are interpreted as small-scale pressure ridges, 
or a series of imbricate thrusts, likely formed by the en-masse freezing of the debris 





Figure 9. Intra-MTD channel and lobe feature. (A) Flattened amplitude time slice 
through MTD 3 showing a channel that transitions down dip into a lobe. For the lobe, 
note the development of parallel ridges oriented perpendicular to the paleoflow 
direction. (B) Seismic cross-section (location shown in Fig. 9A as X-X’) of the channel. 
(C) Seismic strike-section (location shown in Fig. 9A as Y-Y’) of the lobe. (D) Seismic 





4.5. Erosional Remnant with Sediment Waves 
 
 The megascour at the base of MTD 1 bifurcated around an area of relatively 
undisturbed substrate, which has an area of 34 km2 and a mean thickness of 55 m (Fig. 
10A). This area, unaffected by the erosional processes associated with MTD 1, is 
interpreted as an unshielded erosional remnant, as there appears to be no features up-dip 
of the area that can act as a barrier to the flow associated with MTD 1. Attribute 
extractions of the erosional remnant highlight the presence of a series of undulating 
features (Fig. 10B-E). The crests of these depositional features have shortened up-dip 
sections, elongated down-dip sections, and relatively similar distances between them. 
Thus, they are interpreted as sediment waves, propagating up dip. These bedforms have 
wavelengths between 280 m and 488 m and a mean height of 9 m. The direction of up-
dip propagation is towards northwest. These sediment waves were likely formed by 
unconfined turbidity currents, which were subject to upper flow-regime conditions, 
leading to the generation of antidune features. Instantaneous frequency attribute maps 
(Fig. 10D) indicate a contrasting lithology to the surrounding units, which are 
interpreted as muddy based on well logs. This contrasting lithological response coupled 




Figure 10. Erosional remnant with sediment waves. (A) Dip of maximum similarity 
attribute map of the bifurcated megascour at the base of MTD_1, showing unshielded 
erosional remnant. (B) Dip of maximum similarity map of the remnant scour showing a 
series of sediment waves. (C) Seismic section along depositional-dip (location marked in 
Fig. 10B as X-X’) showing sediment waves. (D) Instantaneous frequency attribute map 
highlighting frequency-anomaly associated with the erosional remnant. (E) Amplitude 




5.1. Mass-transport Processes 
 
The megascours documented in this study provide insight into mass-transport 
processes in relation to paleo-bathymetry, specifically the location of incisional events. 
Recent understanding of mass-transport process states that MTDs are heavily influenced 
by the bathymetry of the seafloor (Moscardelli et al. 2006; Posamentier and Walker 
2006; Ortiz-Karpf et al. 2017). For example, topographic highs, such as salt and mud 
diapirs, or those with structural controls, such as folds or faults, cause flow deflection. 
Pre-existing gulleys or channels often serve as preferential flow-pathways, leading to 
contractional deformation within MTDs. The findings of this study support these 
conclusions, but also indicate that the morphology and spatial distribution of incisional 
features (e.g., megascours) are subject to the effects of bathymetric relief as well. The 
nature of erosion at the basal surface of MTDs has been interpreted to reflect the varying 
lithology of the substrate (Karpf et al. 2017) or confined flow conditions that increase 
erosive power of the flow (Gee et al. 2001; Moscardelli et al. 2006).  For the megascours 
in this study (Figs. 5 and 6), it can be arugued that bathymetric relief was likely 
responsible for the diversion and bifurcation of an actively incising flow in unconfined 
conditions. The megascours associated with the basal surface of MTD 1 (Fig. 5) begin as 
a linear feature with an incision depth of 29 m. As the scour surface makes contact with 
the topographic high associated with MTD 3, flow bifurcation splits the scour into two 
secondary erosional pathways with greater incision depths (39 and 36 m). Given the 
location of the bifurcation coinciding with the topographic high created by MTD 3 (Fig. 
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7),  it is unlikely that differing lithology is responsible for the spatial distribution of the 
scours. 
The bifurcation of megascours associated with MTDs is generally thought as the 
result of divergent flow vectors in both unconfined (McGilvery and Cook 2004 and 
confined (Moscardelli et al. 2006) settings. Although the scour in this study seems to 
originate from unconfined conditions, the diversion of large amounts of sediment mass 
to the flanks of a bathymetric high likely increased confinement, and, thus, erosion. The 
higher incision depths of the bifurcated scours in relation to the master scour supports 
this interpretation (Figs. 5 and 6). The differentiation of flow vectors in this case, 
however, are not inherent to the mass-transport flow itself, but are the result of the 
external influence of MTD 3’s rugose surface. It is important to note this bifurcation 
refers to the splitting of the megascour surface, not the bifurcation of the entire mass-
transport flow. MTD 1’s flow pathway, as a whole, was mostly unaffected by the relief 
created by MTD 3. 
The intra-MTD depositional elements presented in this study provide new 
insights regarding our understanding of large-scale MTDs and their formative processes. 
It is largely assumed that a MTD is the product of a single mass-transport event. 
However, some large MTDs were noted as deposits of multiple amalgamated flows. 
Using outcrop data, Ogata et al. (2012) presented evidence that a large-scale MTD was 
the product of three distinct events amalgamated in rapid succession. Other studies using 
3D seismic data have suggested that some MTDs are the result of amalgamation, where 
individual events can be hard to delineate (Posamentier 2004; Posamentier and 
Martinsen 2011), or that individual events can be interpreted based on prominent 
  
26 
seismic reflectors separating the units (Keller 2004). The intra-MTD features described 
in this study present new evidence that most MTDs are likely the amalgamation of 
multiple events, with distinct hiatuses separating them. Notably, for the MTDs studied 
herein, no clear seismic surfaces can be used to distinguish individual flow events. 
To support the finding of this study, the nature of MTD emplacement was further 
investigated. Posamentier and Walker (2006) and Posamentier and Martinsen (2010) 
suggested that mass-transport flows plow into the substrate much like a snow shovel 
evacuates snow, but with one distinction: mass-transport phenomena immediately infill 
their erosional features with the tail end of their flow. Moscardelli et al. (2006) 
advocated that, in some cases, these erosional features can be under-filled, where post-
failure channel-levee complexes can “heal” the negative topography. The intra-MTD 
sinuous channel documented in this study (Fig. 8) presents evidence of this scenario, in 
which the erosional scours were left vacant after mass-transport flow. Additionally, it 
takes time for a channel to develop sinuosity. Thus, there must have been a hiatus in 
mass-flow processes, during which turbidity currents were the dominant process to 
establish the channel system. Reinitiation of mass-transport processes truncated the 
channel system and filled the megascour. Although the resulting MTD 1 appears as a 
singular unit on seismic sections, the use of attribute extractions and flattened time slices 
revealed the intricacy within the unit. This type of intra-MTD process complexity also 






5.2. Implication for Hydrocarbon Exploration 
 
 To the best of knowledge, this study presents the first documentation of intra-
MTD channel and lobe features, which has substantial implications for hydrocarbon 
exploration. Most research on MTDs discusses hydrocarbon potential in relation to the 
possible development of reservoir-prone facies or sealing capabilities of the deposits 
themselves (Beaubouef and Friedmann 2000; Beaubouef and Abreau 2010; Meckel 
2010; Shanmugam 2010; Arnot et al. 2011; Alves et al. 2014; Cardona et al. 2016). 
Other researchers have focused on the rugose upper surfaces of MTDs, postulating they 
can influence morphologies and sand distribution of overlying turbidites (Armitage et al. 
2009; Algar et al. 2011; Amerman et al. 2011; Kneller et al. 2016). This research 
provides a new play concept: reservoir-prone facies of submarine channel and lobe 
encased completely within a single MTD. Quantitative seismic geomorphology 
measurements for the sinuous channel found near the base of MTD 1 (Fig. 8) indicate 
that the channel likely has a mixed sediment load. The axial megascour with its muddy 
fill acts as an up-dip seal for the channel (Fig. 8C). Therefore, the sand-prone channel 
system is bounded by low permeability units at its base, top, and up-dip reach, 
presenting an ideal stratigraphic trap. Additionally, there is potential for the channel to 
develop a down-dip sandy lobe still encased between the two MTDs. For example, a 
lobate feature was found at the end of a channel within MTD 3 (Fig. 9). However, as this 
lobe (Fig. 9A) is interpreted to be developed by debris flows, further confirmation is 
needed regarding whether the lobe is sandy or muddy. 
This study also documents another prospective play type associated with MTD 
emplacement. Moscardelli and Wood (2008) demonstrated that topographic highs, such 
  
28 
as salt domes and mud diapirs, could lead to an erosional shadow, shielding undisturbed 
strata behind them from incoming mass-transport flows. The authors speculated that 
under right conditions these erosional remnants can serve as effective hydrocarbon traps, 
warranting further studies. This research presents evidence that erosional remnants can 
also be generated in unshielded conditions without the presence of any pre-existing high 
topography (Fig. 10). The results show a 34 km2 erosional remnant, which was 
generated by the bifurcation of a large-scale megascour associated with MTD 1. This 
erosional remnant is interpreted to be comprised of sediment waves (Fig. 10C, E) with 
morphologies consistent with those formed by unconfined turbidity currents (Wynn and 
Stow 2002). Instantaneous frequency attribute map suggests that the unit has a coarser 
grained lithology than the surrounding MTDs (Fig. 10D). Thus, the remnant feature is a 
potential reservoir unit, which is sandwiched within low-permeability MTDs and is 
bounded in the up-dip section by an erosional scour filled with muddy facies. The 
evidence that an erosional remnant can generate in an unshielded condition adds new 
dimension to hydrocarbon potential of MTDs, suggesting that erosional remnants can be 









Mass-transport deposits in the northern Gulf of Mexico reveal complex 
depositional elements, giving new insights into mass-transport processes and the 
generation of hydrocarbon play types associated with MTDs. The uneven seafloor 
bathymetry created by the emplacement of a previous MTD can alter the flow vectors of 
a subsequent MTD, causing its associated megascour to bifurcate and create an 
unshielded erosional remnant. For the first time in the literature, an intra-MTD channel 
and lobe are documented in this study. This channel and lobe provide evidence for 
distinct hiatuses between mass-movement flows, which eventually generate a 
seismically singular MTD. 
These findings shed critical light on understanding of MTDs; specifically, their 
spatial distribution, bounding discontinuities, and their occurrence as an amalgamation 
of a range of deposits. For example, the presence of a localized sinuous channel incised 
into the master basal surface of MTD 1 demonstrates that scours generated by mass-
transport flow do not always get infilled immediately. During the hiatus of mass-flow 
processes, turbidity currents can remain active, establishing sinuous channels. Near sub-
seismic depositional elements that are hidden within large-scale MTDs can be revealed 
via detailed mapping and seismic attribute extraction. The geobodies documented in this 
study (e.g., channel, lobe, and sediment wave comprised erosional remnant features 
encased within the MTDs) provide a new hydrocarbon play concept for mass-transport 
deposits. Given the prominence of MTDs in slope and basin floor settings, this new play 
type represents overlooked potential in hydrocarbon exploration globally. 
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The results of this study reaffirm the need for further studies investigating the 
depositional style of mass-transport deposits; specifically, the existence of intra-MTD 
features in other basins, and their validity as a successful hydrocarbon trapping 
mechanism. The frequency at which these features occur must be determined, which can 
only be uncovered through focused studies using high-resolution data. If intra-MTD 
units and/or unshielded erosional remnants are determined to occur frequently, their 
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Background of Mass Transport Deposits: 
 
Mass-transport deposits (MTDs) are large underwater sediment failures, the 
constituents of which historically lack a precise definition. This lack of uniformity has 
led to a minimum of 76 defined types of mass-transport processes (Shanmugam 2010). 
These processes include slumps, five types of landslides, five types of flow slides, and 
nine types of sediment creep (Shanmugam 2010). Historically, Dott’s (1963) 
classification sought to separate mass-movements into four categories: (1) Subaqueous 
rock falls with elastic behavior; (2) Subaqueous sliding and slumping with elastic and 
plastic behavior; (3) Subaqueous plastic mass flows; and (4) Viscous fluid flows. This 
classification was one of the first attempt to differentiate mass-transport events by fluid 
rheology, serving the basis of many other studies (Middleton and Hampton 1976; Lowe 
1979; Nardin et al. 1979; Nemec 2009). Modern descriptions of MTDs exclude turbidity 
currents because of their Newtonian and non-cohesive rheology, effectively defining 
MTDs as slides, slumps, and debris flows (Moscardelli et al. 2006; Moscardelli and 
Wood 2008; Tripsanas et al. 2008; Mosher et al. 2010; Shipp et al. 2011).  
Using the classification system proposed by Moscardelli and Wood (2008), 
MTDs can be classified into three categories: (1) Shelf-attached MTDs that are caused 
by base-level fluctuations and high sedimentation rates, and are fed by paleoshelf-edge 
deltas; (2) Slope-attached MTDs comprised of upper-slope collapses that are caused by 
tectonism, volcanism, and storms/hurricanes; and (3) Detached MTDs, sourced from the 




gravitational instabilities and over-steepening (Fig. A-1). The classification suggested by 
Moscardelli and Wood (2008) simplifies MTD interpretation by determining their origin 
using three factors: sediment source, up-dip geomorphology, and the geometry of the 




Figure A- 1.  Classification of mass-transport deposits (modified from Moscardelli and 







Traditionally, MTD deposits are recognized in seismic datasets as intervals with 
low-amplitude, semitransparent, and chaotic seismic reflections that can be separated 
into three morpho-domains based upon their kinematic indicators (Bull et al. 2008; 
Beaubouef and Friedmann 2000; Posamentier and Kolla 2003). The headwall domain, as 
outlined by Bull et al. (2008), features arcuate failure scarps whose orientation is 
perpendicular to initial flow movement, or extensional ridges and blocks, whose 
deformation and spacing increases downslope. Both features represent the proximal 
location where an MTD event would originate. Moving farther down dip, the main axis 
of a mass-transport deposit is referred to as the translational domain. One prevalent 
feature of this morpho-domain is a basal shear, or detachment surface that displays 
varying degrees of erosion. Common depositional elements associated with this surface 
include ramps, flats, grooves, and striations. Ramps and flats are areas where the basal 
shear surface cuts up or down in stratigraphic level, whereas grooves or striations (also 
referred to as cat claw scours and monkey fingers) are erosional features used as 
kinematic indications of flow direction (Bull et al. 2008; McGilvery and Cook 2004; 
Moscardelli et al. 2006; Posamentier and Walker 2006). Lateral margins of the 
transitional domain may have failure scarps parallel to flow direction, and some degree 
of strike-slip deformation that creates sigmoidal scarps or dragged flow-banding. Other 
architectures associated with this morpho-domain include translated and out-runner 
blocks, internal slumps folds, and secondary flow shear surfaces on the top of the MTD 
(Bull et al. 2008). The third morpho-domain associated with mass-movement events is 




are characterized by pressure ridges, fold and thrust systems, and pop-up blocks, all of 
which orient in a perpendicular fashion to flow direction. When an MTD’s flow 
velocity, and thus shear stress, falls below a particular value, the event may freeze 
suddenly. Sediment momentum may then lead to the generation of en echelon style 











































Channel Sample Ls (km) Lv (km) d (km) λ (km) Mw (km) ω (km) K 
Intra MTD 1 1 28.533 21.391 0.0274 1.861 0.943 0.185 1.33 
Intra MTD 1 2 28.533 21.391 0.0130 1.022 0.913 0.203 1.33 
Intra MTD 1 3 28.533 21.391 0.0090 0.424 0.883 0.143 1.33 
Intra MTD 1 4 28.533 21.391 0.0180 0.864 0.854 0.201 1.33 
Intra MTD 1 5 28.533 21.391 0.0170 0.478 0.833 0.111 1.33 
Intra MTD 1 6 28.533 21.391 0.0220 0.711 0.792 0.122 1.33 
Intra MTD 1 7 28.533 21.391 0.0210 0.477 0.777 0.161 1.33 
Intra MTD 1 8 28.533 21.391 0.0280 0.462 0.731 0.298 1.33 
Intra MTD 1 9 28.533 21.391 0.0150 0.366 0.718 0.13 1.33 
Intra MTD 1 10 28.533 21.391 0.0200 1.323 0.542 0.17 1.33 
 







Event Age (Ma) Age (epoch) LAD Species Lithology 
MTD_1 3.13 Late Pliocene Globoquadrina altispira Heterogeneous 
MTD_2 4 Early Pliocene Globigerina nepenthes Muddy 
MTD_3 5.5 Late Miocene Globorotalia menardii Muddy 
 













Figure A-4. Example of detached MTDs in the study area. Note the smaller spatial 




Figure A-5. VatMax map of MTD 1. Dark black regions indicate sediment-block 
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